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GLKN Water Quality Monitoring GLKN Water Quality Monitoring ––
Inland Lakes Sampling DesignInland Lakes Sampling Design

Monitored annually, 3x/yrMonitored annually, 3x/yr
Index Lakes (N=33)Index Lakes (N=33)
Open water season, pref. when stratifiedOpen water season, pref. when stratified



NETN Water Quality Monitoring NETN Water Quality Monitoring ––
Lake and Pond Sampling DesignLake and Pond Sampling Design

Based on Acadia NP programBased on Acadia NP program
Monitored monthly, MayMonitored monthly, May-- OctoberOctober
Annual & alternating monitoring at ACADAnnual & alternating monitoring at ACAD
Annual monitoring at other NETN parksAnnual monitoring at other NETN parks
All accessible lakes > 1 acre (total of 23 All accessible lakes > 1 acre (total of 23 

in NETN) will be monitored (census)in NETN) will be monitored (census)



9 Parks in GLKN9 Parks in GLKN
6 with Inland Lakes6 with Inland Lakes

Apostle Islands NLApostle Islands NL
Indiana Dunes NLIndiana Dunes NL
Isle Royale NPIsle Royale NP
Pictured Rocks NLPictured Rocks NL
Sleeping Bear Dunes NLSleeping Bear Dunes NL
Voyageurs NPVoyageurs NP



# # WaterbodiesWaterbodies in GLKN Parksin GLKN Parks

<1 ha<1 ha 11--10 ha10 ha 1010--100 100 
haha

100100--
1000 ha1000 ha

>1000 >1000 
haha

APISAPIS 6666 99 11
INDUINDU 4949 99
ISROISRO 189189 6060 2222 44 11
PIROPIRO 9898 1717 55 22
SLBESLBE 99 77 1212 33 11
VOYAVOYA 237237 268268 2727 44 44

Source - National Hydrography Database; Including beaver ponds, 
wetlands with open water

Surface Area



Selecting Index LakesSelecting Index Lakes

Lake type (ordination of past WQ data)Lake type (ordination of past WQ data)
Basin Basin morphometrymorphometry
Geographical distribution w/in parkGeographical distribution w/in park
Visitor useVisitor use
Watershed sizeWatershed size

Span gradients of:



Index Lakes SelectedIndex Lakes Selected

APIS APIS –– 4 lagoons (3 island, 1 mainland)4 lagoons (3 island, 1 mainland)
INDU INDU –– 11
ISRO ISRO –– 9 (main island)9 (main island)
PIRO PIRO –– 55
SLBE SLBE –– 6 (1 island, 5 mainland)6 (1 island, 5 mainland)
VOYA VOYA -- 88



Index Lakes Selected for Voyageurs and Isle Royale Index Lakes Selected for Voyageurs and Isle Royale 
National Parks, Showing Spatial DistributionNational Parks, Showing Spatial Distribution



Index Lakes Index Lakes –– Frequency Distribution of Frequency Distribution of ZmaxZmax
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10 Parks in NETN10 Parks in NETN
7 with Lakes or Ponds7 with Lakes or Ponds

ACAD: 13 lakes (>15 acres),   ACAD: 13 lakes (>15 acres),    
7 ponds (7 ponds (>>11-- 15 acres) 15 acres) 

MABI: 1 pondMABI: 1 pond
WEFA: 1 pondWEFA: 1 pond
SAGA: 1 pondSAGA: 1 pond

Monitoring Sites:



Acadia National Park Lakes Acadia National Park Lakes 
(all on Mount Desert Island)(all on Mount Desert Island)

Total of 20 lakes and ponds
•Surface area range: 4.6 to 937 acres
•Max. depth range 0.3 to 51 meters



Parameters MeasuredParameters Measured

Core suite Core suite 
Temp, DO, pH, EC25, Temp, DO, pH, EC25, 
Clarity, Clarity, 
Water levelWater level

Advanced suite Advanced suite 
ClCl, SO, SO44, Ca, K, Mg, Na, , Ca, K, Mg, Na, 
SiOSiO22

AlkalinityAlkalinity
DOC, TP, DOC, TP, chlchl--aa
TN, NOTN, NO22+NO+NO33--N, NHN, NH44--N, N, 

GLKN NETN

Core suiteCore suite
Temp, DO, pH, Temp, DO, pH, spCondspCond
Secchi transparency (or Secchi transparency (or 
LicorLicor))
Water levelWater level

Advanced suite Advanced suite 
ANC, Apparent colorANC, Apparent color
TP, TP, TPTPdissdiss, PO, PO44 chlchl--aa
TN, TN, TNTNdissdiss, NO, NO22+NO+NO33--N, N, 
NONO22--N, NHN, NH33--N, N, 

Spring/Fall Acidification Spring/Fall Acidification 
pH, pH, eqpHeqpH, , spCondspCond, ANC, , ANC, 
DOC, True color, Al,DOC, True color, Al,, , Ca, K, Ca, K, 
Mg, Na, NHMg, Na, NH44, , ClCl, NO, NO33, SO, SO44, , 
TN.TN.



Core Suite ProfilesCore Suite Profiles

NETN

GLKN



Typical LateTypical Late--Season ProfileSeason Profile
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GLKN GLKN –– Range of Seasonal Means Range of Seasonal Means 
Across ParksAcross Parks

MaxMax MinMin

Secchi (m)Secchi (m) 7.87.8
ISROISRO

1.41.4
ISROISRO

Conductivity Conductivity 
((µµS/cm)S/cm)

320320
SLBESLBE

77
PIROPIRO

pH (SU)pH (SU) 8.728.72
ISROISRO

5.355.35
PIROPIRO



Secchi Depth Transparency
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GLKN: 0GLKN: 0--2 m integrated sample2 m integrated sample



NETN: 0NETN: 0--10 m integrated sample10 m integrated sample



GLKN GLKN –– Range of Seasonal Means Range of Seasonal Means 
Across ParksAcross Parks

MaxMax MinMin

Alkalinity Alkalinity 
(mg/L)(mg/L)

157157
PIROPIRO

≤≤ 44
PIRO, APIS, PIRO, APIS, 

VOYAVOYA

Total P Total P 
(ppb)(ppb)

3434
ISROISRO

44
VOYAVOYA

Total NTotal N
(ppb)(ppb)

818818
SLBESLBE

210210
VOYAVOYA



GLKN 2007 TN:TP ResultsGLKN 2007 TN:TP Results
all lakes Pall lakes P--limitedlimited
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GLKN Range of Travel TimeGLKN Range of Travel Time
from park from park hdqtrshdqtrs

~20 min (one way)~20 min (one way)
SLBE SLBE –– Tucker LakeTucker Lake

15 min drive to lake15 min drive to lake
5 min paddle to site5 min paddle to site

~4 hr (one way)~4 hr (one way)
ISRO ISRO –– DesorDesor LakeLake

1.5 hr boat Lake Superior1.5 hr boat Lake Superior
30 min paddle to shore30 min paddle to shore
1.5 hr portage to L. 1.5 hr portage to L. DesorDesor
30 min paddle to site30 min paddle to site



BackBack--country Samplingcountry Sampling





GLKN: Measuring Water LevelGLKN: Measuring Water Level



Measuring Water LevelMeasuring Water Level

Install reference markersInstall reference markers
Drill into bedrockDrill into bedrock
Pound rod 1.5m into sandPound rod 1.5m into sand
Nail in tree as backNail in tree as back--up 1up 1stst yearyear

Using hand level and stadia rod Using hand level and stadia rod 
measure water level relative to markermeasure water level relative to marker



Example Water Level NotesExample Water Level Notes
Agnes Lake Reference MarkerAgnes Lake Reference Marker
UTM:  15T 5368392N   513742EUTM:  15T 5368392N   513742E

66--1010--0606
water level = water level = -- 1.20m1.20m
Reference marker on NW side of Reference marker on NW side of 

lake, NE of campsite lake, NE of campsite -- straight line straight line 
distance 34.5 m from fire ring.  distance 34.5 m from fire ring.  
Below large rock wall ~1.5 m away Below large rock wall ~1.5 m away 
from waterfrom water’’s edge beneath 10s edge beneath 10””dbh dbh 
jack pine. Hike along shoreline to jack pine. Hike along shoreline to 
large jack pine. Reference marker large jack pine. Reference marker 
is 400is 400°° from fire ring.from fire ring.

Pictures from campsite toward marker Pictures from campsite toward marker 
and marker toward campsite.  and marker toward campsite.  

88--22--0606
water level = water level = -- 1.305 m1.305 m

reference marker under jack pine

campsite

Photo from campsite

Photo from marker



NETN: Measuring Water LevelNETN: Measuring Water Level



Oops!Oops!



Sonde QA/QCSonde QA/QC

Calibrate daily, preCalibrate daily, pre--mobilizationmobilization
Maintain a calibration logMaintain a calibration log
Check calibration preCheck calibration pre--mobilization, several mobilization, several 
times/sampling roundtimes/sampling round
Develop calibration acceptance criteriaDevelop calibration acceptance criteria
Check bias with reference solutionsCheck bias with reference solutions
AMS: 7 successive measurements, AMS: 7 successive measurements, 
calculate S.D. calculate S.D. 



Calibration Acceptance CriteriaCalibration Acceptance Criteria

Temperature Temperature ±± 1.01.0°°CC
Specific Conductivity Specific Conductivity ±± 5%5%
pH pH ±± 0.05 standard unit0.05 standard unit
Dissolved Oxygen  Dissolved Oxygen  ±± 0.2 mg/L 0.2 mg/L 

or 10% saturationor 10% saturation
Depth 0.1mDepth 0.1m



Field Measurement QA/QCField Measurement QA/QC

Stabilization Criteria Stabilization Criteria 
Temperature 0.2Temperature 0.2°°CC
Specific Conductivity Specific Conductivity ≤≤100 100 μμSS/cm: <5 /cm: <5 μμSS/cm/cm

>100 >100 μμSS/cm: /cm: ±± 10%10%
pH pH ±± 0.2 standard unit0.2 standard unit
Dissolved Oxygen conc. Dissolved Oxygen conc. ±± 0.5 mg/L0.5 mg/L
Depth 0.1mDepth 0.1m



QA/QC Duplicates and BlanksQA/QC Duplicates and Blanks

Field duplicates  Field duplicates  ≥≥ 10% 10% 
•• acceptance criteria 10% RPDacceptance criteria 10% RPD

Lab duplicates  ~ 10% Lab duplicates  ~ 10% 
•• acceptance criteriaacceptance criteria

chlchl--a, nutrients = 30%a, nutrients = 30%
other parameters = 15%other parameters = 15%

Blanks Blanks 
•• beginning and middle of seasonbeginning and middle of season
•• each piece of sampling equipmenteach piece of sampling equipment



QA/QC QA/QC –– ChecklistsChecklists
MultiprobeMultiprobe

ResolutionResolution
BiasBias
Stabilization criteriaStabilization criteria
AMSAMS



QA/QC QA/QC –– ChecklistsChecklists
Contract LabContract Lab

Lab (examples)Lab (examples)
___ Received QAPP___ Received QAPP
___ MDL & ML defined___ MDL & ML defined
___ Reporting data flags used___ Reporting data flags used

Lab data validation (examples)Lab data validation (examples)
___ Holding time limits met___ Holding time limits met
___ Useable MDL and ML achieved___ Useable MDL and ML achieved
___ QC samples within expected range___ QC samples within expected range



QA/QC QA/QC –– ChecklistsChecklists
Field MeasurementsField Measurements

Sampling Unit _________ Sampling Unit _________ 
Reviewed by __________Reviewed by __________ Date_____Date_____

______MultiprobeMultiprobe was calibrated correctly was calibrated correctly 
___ ___ MultiprobeMultiprobe postpost--calibration checks were successfulcalibration checks were successful
___ Field duplicates were within range___ Field duplicates were within range
___ All field forms have been received___ All field forms have been received
___ No obvious trends in data from any sensor___ No obvious trends in data from any sensor

___ ___ . . .. . .



QA/QC QA/QC –– Checklists on Field Forms whenever possibleChecklists on Field Forms whenever possible

Calibration checks saved with dataCalibration checks saved with data



QA/QC QA/QC –– ChecklistsChecklists
Field MeasurementsField Measurements

Sampling Unit _________ Sampling Unit _________ 
Reviewed by __________Reviewed by __________ Date_____Date_____

______MultiprobeMultiprobe was calibrated correctly was calibrated correctly 
___ ___ MultiprobeMultiprobe postpost--calibration checks were successfulcalibration checks were successful
___ Field duplicates were within range___ Field duplicates were within range
___ All field forms have been received___ All field forms have been received
___ No obvious trends in data from any sensor___ No obvious trends in data from any sensor

___ ___ . . .. . .



Minimum Detectable DifferenceMinimum Detectable Difference

Trophic status parameters   (TP, Trophic status parameters   (TP, ChlChl--a, Secchi)a, Secchi)
ChlChl--a most variablea most variable
Secchi least variableSecchi least variable

Baseline = 10 yrs of Secchi data (1x/mo, summer)Baseline = 10 yrs of Secchi data (1x/mo, summer)
Subsequent 20% change/yr, Subsequent 20% change/yr, άά=0.05, power = 80%=0.05, power = 80%

>10 yrs required for TP and >10 yrs required for TP and ChlChl--aa

(Vermont Lay Monitoring Program, Schmeltzer et al. 1989)(Vermont Lay Monitoring Program, Schmeltzer et al. 1989)



MDD (continued)MDD (continued)

Baseline = 10 yrs Secchi data (1x/mo, summer)Baseline = 10 yrs Secchi data (1x/mo, summer)

Subsequent 20% change/yrSubsequent 20% change/yr
άά=0.10, power = 90%=0.10, power = 90%

(Minn. Poll. Control Agency 2005; (Minn. Poll. Control Agency 2005; HeiskaryHeiskary & & LindbloomLindbloom 1993)1993)



MDD (continued)MDD (continued)
Past Data from GLKN ParksPast Data from GLKN Parks

Lake (Park)Lake (Park) Depth Depth 
StratumStratum

Mean Mean 
(% DO)(% DO)

CVCV # yrs# yrs

FlorenceFlorence
(SLBE)(SLBE)

11--3 m3 m 96.896.8

95.395.3

7.867.86

0.0510.051 44

ManitouManitou
(SLBE)(SLBE)

11--3 m3 m 0.0720.072 55

ChapelChapel
(PIRO)(PIRO)

66--7 m7 m 0.4550.455 1919

# yrs to detect 20% change in DO; ά = 0.1, 1-β = .80
Sampling 3x/yr, open water season (Host, unpubl. data)



Sampling FrequencySampling Frequency
Monthly sampling Monthly sampling –– open water seasonopen water season

Biggest Bang for the BuckBiggest Bang for the Buck
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Minimum Detectable Differences for Acadia lakes (as % change)Minimum Detectable Differences for Acadia lakes (as % change)
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